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Synopsis 
Blockage corrections have been tested 
against experimental data for various bluff 
profiles. It is shown that the momentum 
method corrects base pressures, over the 
blockage range 0 to 16%, and a procedure for 
correcting drag coefficients is proposed. 
It is also shown that the pressure distribution 
over a rounded profile, such as the circular 
cylinder, is very distorted by high blockage 
so that it is unlikely that a really effective 
correction procedure for drag coefficient 
can he devised for these conditions. 
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1. 
1. INTRODUCTION 
The constraints imposed by the walls of a wind or 
water tunnel distort the flow field round a model so that 
simple scaling of test results does not give a true represent­
ation of conditions in an unconfined flow. Effective correction 
procedures have been developed for aerofoils to allow for 
these secondary effects but they are less effective for bluff 
body flows. 
In an attempt to clarify this situation, experimental 
results for 5 bluff profiles over a range of blockage ratios 
have been tested against the two generally accepted correction 
methods. Some general conclusions are drawn about their 
applicability. 
2. EXPERIMENTATION 
Models of circular cylinders, D-section cylinders 
and two-dimensional plates were tested in No.1 wind tunnel and 
the water tunnel within the Reynolds number range 104 to lOs. 
Pressure tappings near the centre section of each gave data 
from which base pressure coefficients and drag coefficients 
were calculated. Data for square and circular plates were 
obtained from Maskell (1963) and McKeon & Melbourne (1971). 
To minimise the secondary effects associated with 
changes of regime and aspect ratio, Reynolds numbers were 
limited to the stable range 104 to lOs and end plates were 
fitted. 
Figures 1 to 5 show typical measured values of Cd 
and Cpb as functions of blockage ratio tegether with corrected 
values according to 
- the image method (Fage, Lock, Glauert, Allen and 
Vincenti, Young & Squire), 
- the momentum method (Maskell), and a suggested 
modified momentum method. 
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3. BLOCKAGE CORRECTIONS 
3.1 Method a: The Image Method 
By superposing systems of doublets and sources the 
total blockage effect of the constraining walls is represented 
as an increment on the flow velocity. 
so that 
and 1 - c Pc 
U(l + E) 
cd 
(1 + E) 2 
1 - c 
(1 + E) 2 
112 cd in these expressions E 12 (.§_)
2 
+ c 4 
3.2 Method b: The Momentum Method 
s 
c 
(i) The concept is of an equivalent steady situation 
with the wake contour as a streamline and the base pressure 
generated at the separation point where the velocity is kU. 
Hence 
A simple one-dimensional analysis of the control 
volume abed leads to the relationship (see Figure 6) 
D 
or 
1/2 pU2S 1 - m C 
1 
sl 
D 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
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(ii) Measurements were made to investigate the natures 
of k and m; k was calculated directly from the measured Cpb 
(Equation 5) and m from the quadratic equation resulting from 
substituting measured values of Cd and k into Equation 7. 
The momentum correction method (Maskell 1963) assumes Cd/k
2 
and m to be constant and values are shown in Table 1 and 
Figures 7 and 8. 
TABLE 1 Variation of m and Cd/k
2 
Mean Mean No. of 
Standard 
Profile "m" results 
Deviation 
"Cd /k
2n 
sampled m Cd /k 
2 
Circular cylinder 
A= 4 1.057 .560 24 .031 .012 
A= 6 1.062 .560 24 .036 .017 
A= 8 1.076 .563 16 .036 .014 
A= 10 1.114 .575 10 .055 .017 
D section cylinder 1.113 .573 6 .041 .025 
Two-dimensional plates l. 81 .908 5 .031 .007 
Squares 3.114 .837 7 .049 .004 
Circles 2.591 .830 4 .081 .024 
d 
I I 
9. 
( iii) To correct for blockage the following equations 
apply:-
cd 
cdc 
m 
cd 
k2 
m(k2 
m (k2 
c c 
m c 
cdc 
k2 c 
-
and from these equations 
1 _ ms 
c 
_
l_) 
1-� c 
(8) 
- l) (9) 
(10) 
(ll) 
(12) 
Hence a suitable value of m can be selected from Table l and 
Cdc and Cpbc calculated from the measured values of Cd and CPb" 
If the value of m for a given profile is not known, and this 
would be the usual case, it can be found by the following iterative 
procedures, provided Cpb has been measured to give a starting 
value for k2:-
Since cd cdc m 
(k2 - l) m (k2 - l) c c c 
k2 k2 k2 k2 c c c 
(13) 
k2 cd c m x ---
k2 k2 - l c 
(14) 
a first approximation to me' say m1, is given by 
m (15) 
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12. 
and a first approximation to kc, say k1, by 
k2 1 1 _ mS c (16) 
This is continued until the value of kc is attained and inevitably 
leads to the same results as those obtained from tabulated 
values of m. 
3.3 Method c: Modified Momentum Method 
Since Hethod (b) corrects Cpb very adequately but 
is not so effective as regards Cd it would seem reasonable to 
restrict its use to the region affected by the base pressure. 
Further inspection of pressure distributions in blocked flows 
shows that the region upstream of separation is little affected, 
at least when the separation points are well defined. 
(17) 
and correcting CPb to Cpbc as in Method b (18) 
The results of this are shown on Figures 2 to 5; for circular 
cylinders, Figure 1, there is no noticeable change from 
Method (b) . 
4. CONCLUSIONS 
1. Sharp-edged bodies: The modified momentUm 
method gives excellent correction to both Cd and Cpb and is 
recommended up to blockage ratios of 16%. 
2. Rounded profiles with oscillating separation 
points: Wake pressures are adequately corrected by the momentum 
method up to blockage ratios of 16% but upstream face pressures 
and drag coefficients are not. Figure 9 shows the change in 
1 3. 
drag distribution with increased blockage to be due to upstream 
movement of the point P and lowering of Cp between 0 and 90
°. 
Since the drag component from 90° to 180° is increased, the 
overall effect of increasing blockage is uncertain and no 
simple correction procedure is evident. The image method, despite 
the basic weakness of the velocity increment concept, corrects 
cd better than the momentum method but it is better still not 
to "correct" drag coefficients at all, the effects described 
above being self correcting to a degree. 
3. Experimental data are required on blocked flows 
around three-dimensional shapes where re-attachment occurs. 
These will be obtained when opportunity permits • 
.......................... �··-------------
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NOMENCLATURE 
equivalent free stream velocity 
tunnel velocity upstream of model 
local velocity at separation 
measured drag coefficient 
drag coefficient at zero blockage 
measured pressure coefficient 
(mean) measured pressure coefficient on upstream face 
(mean) measured pressure coefficient on downstream face 
pressure coefficient at zero blockage 
base pressure coefficient at zero blockage 
model aspect ratio 
model frontal area 
maximum cross-sectional area of wake 
tunnel cross-sectional area 
B/S 
15. 
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